In this study ten laboratories in Greece compared the performance of reference method TTC Tergitol 7 Agar (with the additional test of b-glucuronidase production) with five alternative methods, to detect E. coli in water, in line with European Water Directive recommendations.
INTRODUCTION
The detection and enumeration of E. coli in water samples have traditionally been based either on the multiple tube fermentation (MTF) method using the most probable number (MPN) estimation of the bacterial count or on membrane filtration (MF) methods (Rompre et al. 2002) .
Using MF methods, "presumptive" colonies are plated onto nutrient agar and examined for the production of cytochrome oxidase, their ability to ferment lactose at 378C and 448C and their ability to produce indole from tryptophan using tryptone water and Kovacs reagent. However, no single method relying on these tests is able to recover all strains of a particular organism or group of organisms. The occurrence of strains of E. coli which are negative for one or more of these traits is higher than the occurrence of strains which are negative for b-D-glucuronidase (Niemelä et al. 2003) . In recent decades new chromogenic or fluorogenic defined substrate methods based on b-D-glucuronidase (for the detection of E. coli) have been introduced (Ashbolt et al. 2001; Hö rman & Hä nninen 2006) . Because of differences in test principles the outcome of different methods may vary in respect of the numbers of organisms detected, and the tests may also detect metabolically differing types of organisms (Ashbolt et al. 2001; Rompre et al. 2002) .
The European Drinking Water Directive (98/83/EC, 1998) defines reference methods for the enumeration of microbiological parameters in drinking water. The method defined for enumeration of total coliforms and E. coli is MF on Lactose TTC agar with Tergitol 7 (Chapman 1951) as described in ISO 9308-1:2000. In 2007, a technical corrigendum to this standard was published recommending the additional use of the b-D-glucuronidase test. Fricker et al. (2008) suggest that use of the test for the detection of b-D-glucuronidase as a marker for E. coli gives more accurate results than use of tests for indole production at 448C. Nevertheless, the Directive specifies that "Member States which have recourse to alternative methods shall provide the Commission with all relevant information concerning such methods and their equivalence".
A method is normally considered "equivalent" if the (confirmed) recovery of target organisms is not significantly different from the reference method. For the purposes of this study, and in accordance with ISO methods comparison protocols (ISO 17994), the test methods were considered to be equivalent to the reference method if the mean difference (MD) in recovery of target organisms was not significantly different from zero. Several equivalence studies have been published based on the comparison protocol described in ISO 17994 (2004) (Niemelä et al. 2003; Bernasconi et al. 2006; Bonadonna et al. 2006; Chao 2006) .
In Greece there are no nationally prescribed methods for the microbiological analysis of water. A survey carried out among laboratories participating in the proficiency testing scheme EQUASE-Greece (1996 -2005 showed that most laboratories noted drawbacks in the use of the TTC Tergitol 7 agar method. Readability of results and time to get the response seem to be the main limitations of the method. The same survey demonstrated that for the enumeration of E. coli in water samples, 41.2% of the laboratories were using TTC Tergitol 7 agar, 29.4% Membrane Lauryl Sulfate agar, 11.7% Tryptone Bilex-glucuronidase medium, 11.7% Membrane Faecal coliform medium and 6% Chromocult Coliform agar.
In recent years Colilert-18/Quantitray has been widely used by many laboratories worldwide (Fricker et al. 1997; Bonadonna et al. 2006) . Many Greek laboratories are currently considering its use.
This study was undertaken to compare the performance of the commonly used culture media by Greek laboratories for the detection of E. coli in water samples, including Colilert-18/Quantitray, with the ISO 9308-1:2000 method specified by the European Directive (with the additional confirmation test for the detection of b-D-glucuronidase), with a view to introducing new methods to Greek labs and addressing problems in the reference method. This study provides comparison data for laboratories seeking to adopt, for routine use, alternatives to the reference method for the detection of E. coli.
MATERIALS AND METHODS

Participating laboratories
A total of ten laboratories located in various parts of Greece participated in the study: Athens, three laboratories, Northern Greece-Thessalonica, two laboratories, Northern Greece-Thrace, one laboratory, Southern Greece-Crete, three laboratories, Eastern Greece-Rhodes, one laboratory. 
Samples
Each laboratory chose the type of water sample to be used in this study based on their experience. The samples were prepared by spiking drinking water with sewage effluent following a standard protocol based on the procedures Furthermore, extra quantities of chlorine were added to a final concentration of between 0.1 and 0.5 mg/L to produce chlorine-stressed organisms. A preliminary trial was carried out to determine the level of chlorine required in the samples. Chlorination was conducted so that total counts of presumptive target bacteria would be approximately in the range of 10-90 cfu/100 mL. Non-chlorinated drinking water samples were prepared by adding appropriate volumes of sewage effluent in non-chlorinated drinking water so that total counts of presumptive target bacteria would be approximately in the range of 10-90 cfu/100 mL.
Microbiological methods
The reference method for the comparisons uses TTC The reference method with the additional confirmation test was compared with five methods applied widely by Greek laboratories (Table 1) . The media were chosen for their ability to differentiate E. coli colonies, allow detection at low and high concentrations, inhibit non-target microorganisms and enhance injured In the present study, the statistical analysis was performed according to ISO 17994 using parametric methods unless deviations from normality were observed.
The Shapiro-Wilk Normality test (Shapiro & Wilk 1965) was performed for the RD% of every comparison between the reference method and the alternative method. Since this normality test was not significant at the 0.05 significance level, the statistical analysis proposed by the ISO 17994 was used for the evaluation of the comparison between an alternative method and the reference method in each laboratory.
The expanded uncertainty (U) was obtained by multiplying the standard error of the mean RD by the coverage factor k ¼ 2. To evaluate the result of the comparison, the "confidence interval" of the expanded uncertainty around the mean RD was calculated.
The alternative method was considered acceptable when its average performance was either quantitatively equivalent to or higher than the reference method. The alternative method was considered to give significantly higher counts than the reference method if the confidence interval of the expanded uncertainty around the mean RD lay entirely above zero. The methods were considered quantitatively equivalent ("not different") if the mean RD did not differ significantly from zero and the lower limit of the expanded uncertainty was not smaller than the lower value 2D ¼ 210% of the "maximum acceptable deviation". That means that the alternative method could not present more than 10% worse recovery of E. coli than the reference method. If the expanded uncertainty covers both zero mean RD and the 2 10% acceptable deviation, the comparison is considered to be inconclusive and more samples should be examined. Therefore, the results concern all samples (chlorinated and non-chlorinated combined).
A preliminary investigation of the data is given by plotting the natural logarithmic transformed counts by each one of the alternative methods vs. the natural logarithmic transformed counts by the reference method (Figure 1) . Figure 1 shows that most of the data points of one laboratory were below the line of equivalence in every comparison this laboratory participated in. Nevertheless, there was not found a systematic error, lack of training or other reason implying the exception of this laboratory from the statistical analysis.
Furthermore, the interpretation of the whole dataset was Overall, confirmation rates of all the alternative methods were higher than the rates observed for the reference method. This can be explained by the differences in the methods' principles (e.g. chromogenic/fluorogenic differentiation, incubation temperature, selectivity and specificity of the media).
MFc vs. TTC Tergitol 7 agar
Both the ANOVA and the non-parametric Kruskal-Wallis test indicated significant differences in the mean RD% between laboratories (p-value , 0.001). The Normality test for the overall RD% was not significant at the 0.05 significance level. The comparison of the methods ( MFc medium is recommended by APHA (1998) for the detection and enumeration of E. coli from water samples, and, according to our results, it may be used as an alternative method to TTC Tergitol 7 agar.
Chromocult Coliform agar vs. TTC Tergitol 7 agar
Both the ANOVA and the Kruskal-Wallis test indicated significant differences in the mean RD% between laboratories (p-value , 0.001).
The overall mean RD% was 5.55 and the two methods were "not different" (Table 3) .
Since the Shapiro-Wilks test was significant (p-value , 0.05) for the overall RD%, the 95% confidence interval for the overall median of the paired count differences was estimated using the Wilcoxon signed rank test. Previous studies have reached analogous conclusions.
Chromocult Coliform agar was found to be no different from TTC Tergitol 7 agar in a Dutch study (Schets et al. 2002) . Hamilton et al. (2006) and Bonadonna et al. (2007) report that Chromocult Coliform agar is more sensitive than the ISO reference procedure. 
MLSA vs. TTC Tergitol 7 agar
The overall mean RD% was 1 and the two methods were "not different" (Table 3) . The results of the present study confirm the results of other inter-laboratory studies. The MLSA method has been proven to be more selective than TTC Tergitol 7 agar in the Netherlands (Schets et al. 2002) . According to the Dutch study, MLSA can be used for analysis of water samples of various contamination levels.
TBX vs. TTC Tergitol 7 agar
Both the ANOVA and the Kruskal-Wallis test indicated significant differences in the mean RD% between laboratories (p-value , 0.001). The overall mean RD% was 2 2.78 and the two methods were "not different" ( 
CONCLUSIONS
The detection of E. coli in drinking water is crucial for water providers, health care professionals and regulators. Consequently, the choice of methodology for detecting these organisms is of paramount importance.
The European Drinking Water Directive specifies that Lactose TTC agar with Tergitol 7 should be used for the examination of drinking water for regulatory purposes unless member states supply specific data to demonstrate that an alternative method produces comparable results.
In this Greek inter-laboratory study, participants pointed out two important drawbacks of the reference method: the low readability of results and the length of time required to obtain definitive response to analyses, in comparison with the alternative methods used in this study. These findings apply when either chlorinated or non-chlorinated samples were used.
In conclusion, MFc medium, MLSA, TBX medium, and
Chromocult Coliform agar are potential alternative methods for detection of E. coli from waters with variable microbial load, since all these methods generated performance that was as reliable as, or even better than, the reference method. This study indicates that, for non-chlorinated water samples, the Colilert 18/Quantitray system is a good alternative to the reference method.
